Let F be a one-dimensional Lubin-Tate formal group over Z p . Colmez (1998) and Perrin-Riou (1994) proved an explicit reciprocity law for tempered distributions over the formal group G m . In this paper, the general explicit reciprocity law over the formal group F is proved.
Let
be the Tate module, where the inverse limit is taken with respect to f π . Let κ : Gal(K ∞ /Q p ) → Z × p be the character given by the action of G Qp on T π . If the formal group is G m , this character is just χ, the cyclotomic character. We know that κ = χψ, where ψ is an unramified character. Assume β ∈ ᐁ, then Coleman's theorem tells us that there is a unique (Coleman) power series g β ∈ Z p [[T ] ] such that 
. (i) The restriction µ β | Z × p is a measure and its Amice transformation is logg β • η(T ).
(ii) The distribution µ β can be extended to a distribution in Ᏸ 1 (Q p , Q ur p ) Φ=1 and has the following Galois property:
3)
for all f (x) : Q p → Q p . Taking logarithm and using the definition of µ β , we have Now continue the proof of Proposition 1.1. The integral
Proof. It is easy to see that
(1.10) has integral coefficients, hence µ β | Z × p is a measure. By Proposition 1.2 we extend µ β to Q p by defining
for any f (x) with support in p −n Z p . It is easy to see that this definition does not depend on n.
To prove the second property, since
we can show that
To see this, define
hence h σ (σ T n ) = 0 for all n ≥ 1. The function h σ (T ) has infinitely many zeros by Weierstrass lemma, then h σ (T ) = 0. From this property, we see that 
Next, we will restrict to the G m case. µ β is an example which is a distribution on Q p but not a measure. We will show an example of distribution which is not a tempered distribution. µ β can be extended to negative power. For k > 0, define
The relation between µ β and ν β is that
Proof. The additivity of ν β follows from the relation
. Then 1+p n Zp ν β = log β n has denominator with valuation
If ν β is r -admissible, assume r ∈ N, then for all X,
is r -bounded. Taking j = r , we would have that a+p n Zp (x − a) r ν β is bounded when n → ∞. We will calculate the valuation of a+p n Zp (x − a) r ν β . For a = 1,
To prove the claim, keeping using the relation
and the decomposition
we have
The last two terms for d 0 equal
From the hypothesis we know that there exists a minimal i with 1 ≤ i < p − 1 such that a i ≡ 0 mod p, hence the above expression equals 2. Galois action on B dR . Let F be a one-dimensional height-one formal group over Z p , let π = pα be the uniformizer with α ∈ Z × p , and let f be a Frobenius power series corresponding to F, then we have Proof. We first prove that f has the property, for y ∈ ,
This is true for n = 1 from the definition of f . Assume it is true for n, then we have
From this we see that
hence the lemma follows.
On the other hand, if (
hence is one-to-one corresponding to
[π ] n+1 w = 0, then we say that w has order n. To w ∈ W , we can associate an element is a separated completion of K ∞ with respect to p-adic topology, hence the proof follows from Tate-Sen-Ax theorem.
G K∞ and T n can be extended
so we can repeat the above process and get
and this shows that
We can change the order of the limit since p n T n is continuous.
Recall that LA denotes the space of locally analytic functions with compact support in Q p taking values in Q p . For a p-adic Banach space A, define Ᏸ cont (Q p ,A) = Hom cont (LA,A) with respect to Morita topology. Define
ψ with compact support, we can define an element in B dR as
Colmez called this element as the continuous Fourier transformation of µ and we continue using his notation. Recall from [8, Section 4] that µ ∈ Ᏸ cont (Q p , Ξ) is said to be of order r ∈R + if for all open compact set X ⊂ Q p and all j ≥ 0, the following sequence is r -bounded:
cont is said to be of order r if the sequence p [nr ] 
(ii) The Galois action gives
The second statement can be found in [1] .
(iii) Assume µ has order r , hence Ꮽ µ (T ) has order r by (ii). Case 1. Assume r ∈ N, then there exists a constant C > 0 such that
is, −v p (a k ) ≤ (log C + r log k)/log p (here the log is the logarithmic function on real variable). The real function f (x,a,r ) = ax − r (log x/log p) has a minimum g(a, r ) at
(2.15)
, r ) − log C/log p and recall that
we get 
Remark 2.5. Properties (iii) and (iv) are even true for µ has support in Q p . To prove this we only need to extend (ii) to this case.
And it is easy to see that if
Proof. The Fourier transformation gives
(2.27)
To prove the first identity, we need to show that
(note that the right-hand side is indeed in K n ). Now, assume µ has compact support p −m Z p for some m, then
(2.29)
The same proof works for the second formula.
The Galois action on B dR has the following property. 
, then this is a convergence sum and it converges to an element in (B 
Proof. The proof can be found in [2] . 
where µ ∈ Ᏸ I alg (Q p ,A) and σ ∈ G Qp . Recall that we have the following formulas:
2)
4) hence we have σ (Ᏺ (h)
Let exp denote the connecting map of the following exact sequence:
The following diagram is commutative:
, then the proposition follows from the following commutative diagram:
Now we define the Perrin-Riou exponential map E = E h,V as the composition of the following ones:
The invariance of Φµ = µ gives the following identity:
for all n ∈ Z, k ≥ 0, and f a local constant function with compact support p −n Z p .
Theorem 3.3. The integrals of the exponential map give
Proof. By formulas (3.2) and (3.3), we have
Hence, by Proposition 1.2, we have
where
(3.14)
Proof. We first consider 
and
is represented by (3.26) and the lemma follows. 
Lemma 3.5. The following diagram is commutative:
hence the lemma follows. 
Theorem 3.6. Assume V is a crystalline representation and h ∈ Z such that Fil
From [8, Lemma 14], we know that if µ is of order r , then µ/x j is also of order r . From Proposition 2.4, we know that
4. The logarithmic map. The proof of Theorem 3.6 suggests that Ᏺ cont (µ) has some deep arithmetic meaning for the distribution µ. In this section, we construct a logarithmic map on the cohomology side, which is related to Ᏺ cont (µ).
Suppose V is a de Rham representation. The
, and τ → µ τ is a 1-cocycle representation of µ. Suppose µ has the prop-
For such a µ, there is a c n,
The choice of W i makes it possible to choose c n,i ∈ W i uniquely for n 1.
Choose c n,i ∈ W i such that
Proof. By Lemma 2.9,
max ⊗ V )) = 0, the inflation-restriction sequence gives the following isomorphism:
correspond to the image of µ under the map
Here, again, we use [8, Lemma 14] . Note that there exists a k such that u n,i ∈(
⊗V (κ −i ) (which does not depend on n, i) [2] . The theorem will follow from the following lemma.
is a direct summand decomposition (since the first component is closed). Suppose
Proof. The cocycles satisfy µ σ −1 τ = µ σ −1 +σ −1 µ τ = µ τ +τµ σ −1 , and this means that
This gives
From the choice of W i , we can cancel (1 − τ) and get
The sum
Cauchy sequence, we only need to show that for σ n ∈ Γ n−1 the sequence
tends to zero. The theorem follows from the following proposition.
Proposition 4.3. There exists a constant
where · is the norm on B max .
In the following we will develop several lemmas to prove the above proposition. x . So, for σ ∈ Γ 1 , we can get σ ∈ G Qp under such a map. The map 
, and when σ → 1 the above goes to zero, hence the lemma follows.
(ii) if α = p r , then the following sequence is exact: 
as n → ∞. 
(5.13)
Hence, we come to the formula
(5.14)
Therefore, the theorem follows from the following lemma. 
